There are three main causal hypotheses to describe the nature of the pain-depression association. In the "antecedent" hypothesis, depression precedes and causes pain whereas in the "consequence" hypothesis, pain precedes and causes depression. 14 The third hypothesis is the "scar" hypothesis according to which "episodes of depression occurring before the onset of pain predispose to a depressive episode after pain onset".
14 Of all three hypotheses, the ''consequence'' and "scar" hypotheses are the most supported by evidence while the antecedent hypothesis is mainly refuted. 14, 15 The association between chronic pain and depression is thought to be universal. 14 However, it remains unknown whether chronic pain caused by pregnancy and childbirth is associated with PPD symptoms. The objective of this study was to examine whether Study analytical plan
Three types of associaƟons under study:
1. The associaƟon between the presence of problemaƟc perinatal pain in the first three months postpartum and PPD symptoms.
2. The associaƟon between the duraƟon of problemaƟc perinatal pain and PPD symptoms.
3. The associaƟon between the number of types of perinatal pain at the Ɵme of interview and PPD symptoms.
ObjecƟve: To examine whether perinatal pain caused by childbirth is an independent risk factor for PPD symptoms in a naƟonally representaƟve sample of Canadian women. pain caused by pregnancy and childbirth is an independent risk factor for PPD symptoms in a nationally representative sample of Canadian women.
Analyses

METHODS
We received ethics approval from the Ottawa Hospital Research Ethics Board to perform secondary data analyses of the Canadian Maternity Experiences Survey (MES), a cross-sectional study conducted by Statistics Canada on behalf of the Public Health Agency of Canada in 2006. 16 The MES population included 6,421 respondents who represented a total of 76,508 puerperal Canadian women. 16 Respondents were "birth mothers 15 years and older who had a singleton live birth in Canada, between February 15, 2006 and May 15, 2006 in the provinces or between November 1, 2005 and February 1, 2006 in the territories and who lived with their infants at the time of data collection". 16 The survey was conducted at an average of 7.3 months postpartum (range: 5 to 14 months postpartum). 17 Data were collected through computer-assisted telephone interview (CATI) in the provinces and territories, and through in-person interviews in the territories when it was not possible to do the survey by phone. 16 The outcome of interest was a positive screen for PPD symptoms, defined as a score of 13 or higher on the Edinburgh Postnatal Depression Scale (EPDS). 18 A score of 13 or higher on the EPDS is the recommended cut-off to use for identifying probable major depression postnatally. 18, 19 The EPDS is a 10-item scale that has been validated for research and for use in the community to screen for PPD. 18 It has a sensitivity of 86%, a specificity of 78%, and its positive predictive value is 73%. 18 There were three exposures of interest pertaining to problematic perinatal pain: 1) the presence of problematic perinatal pain in the first three months postpartum, 2) the duration of problematic perinatal pain, and 3) the number of types of perinatal pain at the time of interview.
Presence of problematic perinatal pain in the first three months postpartum
The first exposure of interest was the presence of problematic perinatal pain in the first three months postpartum. It was a binary variable and was created with the respondent's answers to the MES questions about the experience of five types of problematic pain within the first three months postpartum (vagina, caesarean incision site, breasts, back, and severe headaches). For each of these types of pain, the respondents were asked: ''during the first three months after the birth of your baby, how much of a problem was pain (in this body area)?'' The choices of response were: 1) not a problem, 2) somewhat of a problem, and 3) a great deal of a problem. Answering ''somewhat of a problem'' or ''a great deal of a problem'' to any of the pain-related questions would classify a respondent as being exposed.
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Duration of problematic perinatal pain
The second exposure of interest was the duration of problematic perinatal pain. It was a three-level exposure variable: no pain, acute pain only, and chronic pain. Respondents who reported problematic perinatal pain in the first three months postpartum but no problematic perinatal pain at the time of interview were considered to have had acute pain only. Respondents who still reported problematic pain at the time of interview (range: 5-14 months postpartum) were classified as having chronic perinatal pain.
Number of types of perinatal pain at the time of interview
The third exposure of interest was the number of types of perinatal pain reported by the participants at the time of interview. The range was from 0 to 5. However, to comply with Statistics Canada disclosure control policy, categories with too few respondents were collapsed. This variable has four categories: 1) none, 2) one, 3) two, and 4) three or more.
Covariates
The covariates included in this study were selected from studies on the risk factors of PPD and pain. In order to ensure meaningful interpretation of the results, the variables were grouped according to three main categories: 1) socio-demographics, 2) obstetric and health, and 3) psychosocial and psychological factors. Please refer to Appendix A for more information on the covariates.
We assessed each risk factor for confounding. First, we compared prevalences of perinatal pain and PPD symptoms for respondents with the risk factor and for those without the risk factor. We then obtained and analyzed the crude odds ratio for the association between the risk factor and perinatal pain, and the risk factor and PPD symptoms. Confounding was suspected if the prevalence of pain and PPD symptoms were higher when the risk factor was present, and if the crude odds ratios were statistically significant for each association. Results from the confounding analyses are available in Appendix B.
A few selected variables were suspected effect modifiers and were analyzed for effect modification. These variables were: maternal nativity status, birthing method, sex of the baby, use of non-medical pain relief methods, use of medical pain relief, maternal body mass index, maternal smoking, and social support. The authors can be contacted for further information on the selection of these potential effect modifiers. Figure 1 presents the study analytical plan. Analyses included full multivariate logistic regression models as well as six submodels that were fitted for each of the three main pain exposures of interest. The six submodels contained different combinations of the three groups of covariates (socio-demographic, obstetric/ health, and psychological/psychosocial) in order to assess the different impact of these three groups of variables on the association between perinatal pain and PPD symptoms. Unbiased weighted analyses were obtained using Statistics Canada's BOOTVAR program (version 3.1) and the bootstrap weights. 21 Multiple imputations by means of regression analysis were done using the IVEware Imputation and Variance Estimation software available online. 22 All logistic regression analyses were performed on SAS 9.2.
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A complete subject approach to the analyses was implemented. Due to incomplete information, 12.6% of the respondents were eliminated, resulting in a final sample size of 5,614. To address potential bias, sensitivity analyses were performed on a full multiply imputed dataset as well as in a subsample of respondents who were never previously depressed.
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RESULTS
Descriptive statistics
Among the respondents included in the final analysis, 449/5614 (7%) screened positive for PPD symptoms. The characteristics of the MES respondents are described in Table 1 .
Problematic perinatal pain in the first three months postpartum
Most of the respondents (4553/5614, 81.7%) reported problematic perinatal pain within the first three months postpartum. Among women who underwent caesarean section, incisional pain was the most common (927/1480, 62.6%). Among women who had a vaginal delivery, perineal pain was most commonly reported (2144/4134, 51.9%). Other common types of pain in the study population included breast pain (2819/5614, 50.5%), back pain (1915/5614, 35.5%), and severe headaches (556/5614, 10.4%).
Problematic perinatal pain at the time of interview
Twenty-seven percent (1468/5614) of the respondents reported problematic perinatal pain at the time of interview. Once again, caesarean incision pain was the most often reported problematic perinatal pain for women who had had a caesarean section (298/1480, 20.1%). The second most common, back pain, was reported by 16.1% (853/5614) of all respondents. Perineal pain was still present in 7.1% (294/4134) of women who had had a vaginal delivery. Severe headaches (174/5614, 3.3%) and breast pain (161/5614, 2.8%) were the least common types of pain at the time of interview. 
Multivariate logistic regressions
Presence of problematic perinatal pain in the first three months postpartum
When all study variables were held constant, odds of screening positive for PPD symptoms for respondents who reported any problematic perinatal pain in the first three months postpartum were 1.7 (95% CI 1.2-2.5) compared to respondents who did not report problematic perinatal pain. women who reported problematic perinatal pain in the first three months postpartum were 1.3 (95% CI 0.9-1.9) while the odds for those who reported problematic perinatal pain at the time of delivery were 2.4 (95% CI 1.6-3.6).
Duration of problematic perinatal pain
Number of types of perinatal pain at the time of interview
A dose-response association was observed between the number of types of perinatal pain at the time of interview and PPD symptoms, with increasing odds of screening positive for PPD symptoms with more types of perinatal pain. Odds of screening positive for PPD symptoms in respondents reporting one type of perinatal pain were 1.7 (95% CI 1.3-2.2) while the odds were 3.2 (95% CI 2.1-4.9) for respondents with two types of perinatal pain and 4.2 (95% CI 0.7-0.25) for respondents with three or more types of perinatal pain. Only a few study variables remained independent predictors of PPD symptoms when all variables were included in the regression models. Along with the pain variables, the covariates that consistently remained independent predictors of PPD symptoms were: 1) maternal nativity status, 2) perceived stress, 3) number of past stressful life events, 4) lack of social support, 5) a history of depression, and 6) a history of abuse.
The results from the investigations into effect modifications are presented in Table 3 . No statistically significant effect modification or biological interaction was found, although trends were observed. The association between problematic perinatal pain and PPD symptoms was stronger for respondents who were foreign-born, had had a caesarean delivery, were obese, reported having adequate social support, were non-smokers, and did not use any pain relief method.
The sensitivity analyses revealed that the final model estimates were robust. The estimates from the multiply imputed dataset were slightly higher than the estimates from the complete subject sample, suggesting that our final estimates are conservative.
DISCUSSION
In our study, problematic perinatal pain was strongly associated with PPD symptoms in a large representative sample of Canadian women. These findings are consistent with other studies that examined the association between various types of perinatal pain and PPD.
In a large study on 1,288 women who had vaginal and caesarean deliveries, acute pain at 36 hours postpartum was associated with both persistent pain and PPD at eight weeks after giving birth. 24 Lumbopelvic pain at three months postpartum was associated with PPD symptoms in a small cohort study, 25 and back pain at six months postpartum was associated with PPD symptoms (OR 2.2) in an Australian population-based study. 26 Finally, in a study on early breastfeeding experiences, women who experienced severe breastfeeding pain at one day, one week, and two weeks postpartum were more likely to be depressed at two months postpartum. 27 One study reports findings suggesting that pain is a confounding factor in PPD screening. 28 PPD status at 8 weeks postpartum was not associated with postpartum pain measured between the 3 rd and 5 th day postpartum. 28 It is possible that pain measurements in the study were taken too early to capture the suffering associated with pain that becomes chronic, and this may explain why they did not find an association between postpartum pain and PPD. As Gatchel the development of emotional reactions such as anxiety and dysphoria produced by the long term "wearing down" effects and drain of psychological resources". The design of this study does not allow for any conclusion regarding causality. However, this study does give important clues that merit further examination. The fact that the association between pain and PPD symptoms in the subsample of respondents who were never previously depressed was stronger than in the full sample is one clue that deserves further attention. According to the antecedent hypothesis, excluding study subjects who were previously depressed should weaken the pain-PPD symptoms association, not strengthen it. In reality, all three causal hypotheses probably describe the association between pain and PPD in a Canadian puerperal population to some degree. Fishbain et al. 14 believe that "the scar hypothesis may apply more to patient with major depression, and the consequence hypothesis to pain of the neuropathic type (ex: caesarean section or operative vaginal deliveries)".
14 Further prospective studies are needed to confirm whether or not pain can be placed on a direct pathway to postpartum depression and be considered as one of the causes of PPD.
There were no significant effect modifications or biological interactions found in this study, possibly due to the lack of power required to detect an effect modification or interaction. However, interesting trends were observed. For example, the association between perinatal pain and PPD symptoms appears to be stronger for women who report adequate social support. The protective effect of social support on PPD symptoms is well established. However, evidence suggests that social support may not have the same protective effect on pain, as it could act as a positive reenforcer of pain behaviours. 29 To our knowledge, this is the first large-scale study to directly examine the association of perinatal pain with PPD symptoms in Canadian women. The MES was conducted in a nationally representative sample of Canadian women. The results can therefore be generalized to the puerperal population in Canada. Rich socialdemographic, clinical, and psychological information collected by the MES allowed a thorough adjustment of potential confounding factors. We have also been able to perform sensitivity analyses. Results from the main analyses, stratified analyses, and sensitivity analyses were consistent and suggest that our study findings are robust.
Our study was probably somewhat affected by misclassification bias. Both perinatal pain and PPD symptoms were subjective measures, and the tool used to classify respondents according to PPD symptom severity, the EPDS, is a screening tool, not a diagnostic tool. Also, it was not possible to find out for each respondent when exactly pain subsided. However, the misclassifications were likely non-differential. This would have biased the results towards the null.
There is also a non-negligible risk that recall bias was introduced in the study as some respondents might have been depressed at the time of interview and their memory and assessment of pain and other symptoms from the previous months might have been distorted. It is highly likely that their recall of pain and other symptoms could differ significantly from the recall of healthy respondents. Differential recall of pain and other symptoms in the postpartum period in turn could have led to reverse causality bias and could offer an alternative interpretation of the association between pain and PPD symptoms in this study. As a result, caution should be applied in the interpretation of these study findings.
CONCLUSION
In summary, our analysis based on a large national representative sample of postpartum women revealed that problematic perinatal pain was a major risk factor for PPD symptoms. Although postpartum experience of pain is very common, excessive pain should not be dismissed as a normal consequence of childbirth. Women who report considerable amounts of pain postpartum should be systematically screened for PPD symptoms and should be offered the opportunity of pain control measures such as counselling and pain-relieving therapies.
RÉSUMÉ OBJECTIF :
Examiner si la douleur périnatale problématique est associée aux symptômes de la dépression postpartum (DPP) dans un échantillon national représentatif de mères canadiennes.
MÉTHODES :
Nous avons effectué une analyse secondaire des données de l'Enquête sur l'expérience de la maternité au Canada de 2006 (n=5 614). Les variables dépendantes étaient la présence de douleurs périnatales problématiques dans les trois premiers mois postpartum, la durée des douleurs périnatales problématiques, ainsi que le nombre de types de douleurs périnatales encore présentes lors de l'entrevue qui a eu lieu en moyenne à 7,3 mois postpartum (étendue : 5 à 14 mois). Un modèle de régression logistique multivariée complet ainsi que six sousmodèles ont été construits pour chacune de ces variables dépendantes. 
RÉSULTATS :
